We derive a confining qq Bethe-Salpeter equation starting from the same assumptions on the Wilson loop integral already adopted in the derivation of a semirelativistic heavy quark potential. We show that, by standard approximations, an effective meson squared mass operator can be obtained from our BS kernel and that, from this, by 1 m 2 expansion, the corresponding Wilson loop potential is recovered, spin-dependent and velocity-dependent terms included. We also show, that, on the contrary, neglecting spin-dependent terms, relativistic flux tube model is reproduced.
1 m 2 expansion, the corresponding Wilson loop potential is recovered, spin-dependent and velocity-dependent terms included. We also show, that, on the contrary, neglecting spin-dependent terms, relativistic flux tube model is reproduced.
In the paper presented by G.M. Prosperi 1 it was shown how the properties of the Wilson loop integral ( we assume Wilson area law and the straight line approximation; see eqs. (2)- (4)) can be used to obtain a confining Bethe-Salpeter equation from first principles. This result was accomplished neglecting the spin of the quarks. In this paper we show that it can be extended to the case of regular QCD with quarks with spin by defining an appropriate operator for the spin dependent part and using a second order formalism.
Even in this case the basic object is the quark-antiquark Green function
where c denotes the charge-conjugate fields, U the path-ordered gauge string U(b, a) = P ba exp ig b a dx µ A µ (x) , S 1 and S 2 the quark propagators in the external gauge field A µ , the tilde denotes transposition in the colour indeces. Then, putting (
and taking into account gauge invariance, we can write
with
Now, we use the explicit resolution of (2) in terms of a path integral (FeynmanSchwinger representation; see (14) of Ref.
where the path integral is understood to be extended over all paths z µ = z µ (τ ) connecting y with x and expressed in terms of a parameter τ with 0 ≤ τ ≤ s, z stands for
, the "functional measure" is assumed to be defined as Dz = (
, P xy and T xy prescribe the ordering along the path from right to left respectively of the colour matrices and of the spin matrices.
On the other side, it is well known that, as a consequence of a variation in the path z µ (τ ) → z µ (τ ) + δz µ (τ ) respecting the extreme points, one has
with δS
and Eq.(6) can be rewritten as (8) with
In (9) it is understood thatz µ (τ ) has to be put equal to z µ (τ ) after the action of S s 0 . Alternatively, it is convenient to writez = z + ζ, assume that S s 0 acts on ζ(τ ) with
, and set eventually ζ = 0. Replacing (8) in (4) we obtain
where nowz =z j = z j + ζ j on Γ 1 and Γ 2 andz = z on the end lines x 1 x 2 and y 2 y 1 ; the final limit ζ j → 0 being again understood. Eq. (10) corresponds to Eq. (15) of Ref.
1 . Then, by using assumption (2)- (4) of Ref.
1 for the Wilson loop integral, the recurrence identity (19) 1 and proceeding in a similar way (apart from some technical complications) we can show 4 that the "second order" Green function H 4 (x 1 , x 2 ; y 1 , y 2 ) satisfies a Bethe-Salpeter type nonhomogeneous equation. From this we obtain the momentum space homogeneous equation
which is more appropriate for the bound state problem. In this equation H 2 stands for a colour independent one particle dressed propagator,η j =
), Φ P (k) is the ordinary Bethe-Salpeter wave function and
I conf = d 3 r e iQ·r J(r, q 1 , q 2 ) with J(r, q 1 , q 2 ) = 2σr q 10 + q 20 q 
In (12)- (13) we have set
denotes the gluon free propagator and the center of mass system (
Notice that Eq. (12) corresponds to the usual ladder approximation in this second order formalism (differing from (17) 1 only for the spin dependent terms. 
